Patient/caregiver out-of pocket costs associated with hematopoietic cell transplantation (HCT) are not well known. We conducted a pilot study to evaluate patient/caregiver out-of-pocket costs in the first 3 months after allogeneic HCT. Thirty patients were enrolled at three sites. Before HCT, participants completed a baseline survey regarding household income and insurance coverage. Subsequently, they maintained a paper-based diary to track daily out-of-pocket expenses for the first 3 months after HCT. Telephone interviews were conducted to follow-up on the missing/incomplete diaries and on study completion. Twenty-five patients/caregivers completed the baseline survey. Among these, the median pre-tax household income was $66 500 (range, $30-$375 000) and 48% had to temporarily relocate close to the transplant center. Insurance coverage was managed care plan (56%), Medicaid (20%), Medicare (17%) and other (8%). Twenty-two patients/caregivers completed X4 diaries; the median out-ofpocket expenses were $2440 (range, $199-$13 769). Patients/caregivers who required temporary lodging had higher out-of-pocket expenses compared with those who did not (median, $5247 vs $716). Patients/caregivers can incur substantial out-of-pocket costs over the first 3 months, especially if they need to temporarily relocate close to the transplant center. Our study lays the foundation for future research on the early and long-term financial impact of allogeneic HCT on patients/caregivers.
INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) is an expensive medical procedure. Hospital-and transplant center-related costs of allogeneic HCT are described in the literature. [1] [2] [3] [4] [5] [6] [7] [8] Patients undergoing allogeneic HCT and their caregivers can face significant financial challenges throughout the transplant process that are generally not reflected in estimates of hospital and transplant center costs. In treating their underlying disease, many patients incur out-of-pocket medical expenses and loss of income even before transplantation. The HCT procedure is only available at select centers and patients may need to relocate to temporary housing for medical care. HCT is also marked by a lengthy recovery period and high potential for medical complications that may lead to extended time away from work for patients and caregivers. This sometimes leads to further financial hardship as patients/caregivers may lose work-related benefits (for example, paid leave, employer contribution to health insurance premiums). Medical costs such as clinic and prescription co-payments frequently continue through the recovery period.
Out-of-pocket expenses can impact care and adherence among cancer patients. Patients who are financially strained are more likely to forego recommended care, treatment and follow-up. Even among insured patients, the cost of cancer diagnosis and treatment can present a major barrier to obtaining high-quality care. [9] [10] [11] Patient and caregiver out-of-pocket costs following HCT are not well described. [12] [13] [14] In a study of 40 autologous HCT recipients, median out-of-pocket expenses during the inpatient period were $849.35 for caregivers who stayed in local accommodations and $181. 15 for caregivers who stayed in the patient's hospital room. 12 In another study of 21 autologous HCT recipients, the median out-of-pocket and indirect costs for caregivers were $382 and $2520, respectively, for a median patient hospital stay of 15 days. 13 Rizzo et al. 14 , in the context of a larger study comparing costs of inpatient and outpatient HCT (autologous and allogeneic), surveyed 53 one-year survivors about out-of-pocket costs and observed no difference between patients receiving inpatient and outpatient transplantation.
Several factors may determine the amount and type of patient and caregiver out-of-pocket costs of HCT. Distance from the transplant center, the need to relocate closer to the center and availability of support and resources both at home and locally around the center are likely to be important determinants of outof-pocket costs. Other factors may include type of transplant and insurance coverage. Recipients of autologous HCT are frequently discharged from transplant centers sooner than allogeneic HCT recipients and may not incur the same patient expenses. Patient health insurance may also impact out-of-pocket costs on the basis of coverage for travel and relocation and co-pays/ deductibles for hospitalizations, clinic visits and prescriptions. Overall, there is a need to better understand the financial impact of HCT on patients and their families. In this report, we describe the results of our pilot study that evaluated patient and caregiver out-of-pocket costs in the first 3 months after allogeneic transplantation.
PATIENTS AND METHODS

Patient eligibility
Three centers participated and enrolled 10 patients each: University of Minnesota, Medical College of Wisconsin and Roswell Park Cancer Institute. Adult recipients and parents/guardians of pediatric recipients of relatedand unrelated-donor HCT were eligible to participate. As our main interest was studying the household finances around the time of transplantation, we restricted participation to patients whose underlying disease had been diagnosed within 2 years of transplantation. There were no restrictions on diagnosis, donor source, graft source or conditioning regimen. Participants were required to have a caregiver, who was a member of the patient's household. Patients and their caregivers had to be proficient in English. Patients who had previously received a transplant and patients from households with another HCT recipient were excluded from participation in this study. The study was conducted under the guidance of the Institutional Review Boards of the National Marrow Donor Program (NMDP) and the three participating sites. Both the patient and caregiver provided informed consent. Caregivers were allowed to continue on the study in the event of patient death. Patients also provided consent to participate in the Center for International Blood and Marrow Transplant Research (CIBMTR) research database for collection of clinical data.
Pilot study design
Study coordinators at each site consented patients/caregivers and sent their information to the study coordinator at the CIBMTR. Upon registration, patients/caregivers received a packet containing a baseline survey of household financial information, out-of-pocket income/expense diaries and instructions for completing both. Patients/caregivers could call a toll-free phone number, if they had questions regarding the study instruments. Prepaid postage envelopes were provided for returning completed study materials to the CIBMTR. All materials were organized in a pocket folder that also had space for any documents and receipts to assist with organizing financial data.
Patients/caregivers were asked to maintain a biweekly diary to track outof-pocket expenses and were instructed to begin completing the first diary on the day of transplant admission. Patients/caregivers completed a total of six diaries, which covered the first 3 months post transplantation. Study coordinators from the CIBMTR contacted patients/caregivers by phone, as needed, to follow-up on diaries that had not been submitted and to clarify diary entries. Upon study completion, study coordinators conducted a structured phone interview with study participants to assess their satisfaction with study procedures and solicit suggestions for improving the diary.
Study participants received a $35 gift card upon submission of the baseline survey, on receipt of each completed out-of-pocket income/ expense diary, and following completion of the study evaluation. Funds for gift cards were provided by the NMDP. Data on disease and transplant characteristics were obtained from the CIBMTR database.
Study instruments
The baseline survey contained 65 items and was designed to capture detailed information on patient and caregiver household finances. We also asked about health insurance information, the impact of previous therapy on household finances and patient/caregiver confidence in meeting their household's financial obligations during the transplant process.
We developed a diary to capture patient/caregiver out-of-pocket expenses. We used two resources to inform the design of this instrument. First, we conducted a literature review and identified previously reported instruments for collecting patient specific cost data. 12, [15] [16] [17] [18] [19] Second, study team members from the NMDP's Patient Services department, who regularly interact with patients/caregivers applying for financial aid from the NMDP Patient Assistance Program provided input in the diary development process. The final instrument was paper based with rows representing various categories of out-of-pocket costs and columns for recording date and costs incurred.
The diary included a section that asked for the recipient's location (for example, in hospital, in temporary lodging or at home) and whether the patient had a clinic visit each day. Expenses could be recorded under the following categories: (1) food (for example, eating at a cafeteria, grocery purchases), (2) transportation (for example, gas, tolls, parking, public transportation, air travel for visits to the transplant center), (3) medical expenses (for example, co-payments for clinic visits and prescriptions and out-of-pocket expenses for medical supplies and any other medical services not covered by the patient's health insurance), (4) temporary lodging (for example, rent, utilities) and (5) miscellaneous (for example, childcare). Caregivers were instructed to report their out-ofpocket expenses even when the recipient was hospitalized.
During the study design phase, we considered whether or not to ask patients/caregivers to submit data to validate out-of-pocket costs (for example, sales receipts, credit card statements). We elected not to require study participants to submit this information, as we felt this would cause them undue burden during the emotionally and physically intense early post transplant period.
Analysis
Descriptive statistics are reported for patient characteristics and out-ofpocket cost information. Qualitative data were collected via the baseline survey regarding patient and caregiver perception of the financial impact of HCT and questions asked in the diary evaluation interview. 20 Qualitative data were analyzed and summarized separately by five trained coders in accordance with the standard procedures. [20] [21] [22] Coders met as a group to determine the saturation of themes. When a difference in opinion occurred, it was discussed and resolved by consensus. Representative quotes are presented in this manuscript to support the key themes and to show the diversity of opinions reported by study participants.
RESULTS
Patient characteristics
Thirty patients were enrolled in this study in 2009 and 2010 at the three participating sites ( Figure 1 ). The time between the enrollment of first and last patient at the three sites was 5 months, 9 months and 14 months. Of the 30 patients, five did not complete the baseline survey. The characteristics of 25 patients/caregivers who completed the baseline survey are shown in Table 1 . Supplementalry Table 1 compares the characteristics of patients who completed and did not complete the baseline survey. Although our study was open to both adult and pediatric HCT recipients, all enrolled patients were adults. Twelve (48%) patients/caregivers reported that they would have to relocate to temporary housing close to the transplant center. Ten (40%) patients developed grade 2-4 acute GVHD and six (24%) patients died during follow-up. Table 2 Table 3 ). The availability of family/friend support and existing financial resources (for example, savings, disability income or presence of alternate wage earner) were dominant themes that were associated with patient's/caregiver's ability to cope with the short-term financial impact of transplantation. Patients/caregivers had concerns about the loss of household income with existing or increasing expenses during the transplant process. Uncertainty about the recovery process, fear of complications and ability to go back to work were the main issues perceived to be associated with their household's long-term financial health. Additional comments identified the concerns about moving and living expenses for patients/caregivers who had to temporarily relocate, gaps in coverage or losing health insurance, uncertainty regarding financial recovery post transplantation and emotional distress associated with household's financial situation.
Pretransplant financial information
Patient out-of-pocket expenses From the 25 patients/caregivers who completed the baseline survey, 22 submitted at least one diary, 20 submitted X4 diaries and 16 submitted all the six diaries ( Figure 1) . The median total out-of-pocket costs reported by 20 patients/caregivers who completed X4 diaries were $2440 (Table 4 ). There was a notable difference in out-of-pocket expenses among patients/caregivers who required relocation and temporary lodging and those who did not (median total costs were $5247 vs $716, Table 4 and Figure 2 ).
Study evaluation
From the 22 patients/caregivers who submitted at least one diary, 18 completed the study evaluation interview. Overall satisfaction with the study processes and the out-of-pocket expense instrument was high. Fifteen (83%) respondents felt that it was 'very easy' or 'somewhat easy' to keep track of out-of-pocket expenses with the diary, 12 (67%) found tracking expenses to be helpful and 15 (83%) said that they would be willing to participate in a similar study in the future. Thirteen (74%) respondents reported that they felt 'comfortable' or 'somewhat comfortable' answering questions about income, four (22%) were 'neutral' and only one (6%) felt 'somewhat uncomfortable' about providing income information. Sixteen (89%) respondents felt 'comfortable' or 'somewhat comfortable' in answering questions about expenses and the other two (11%) felt 'neutral' about providing expense data. On average, it took 22 min daily to complete the diary entries. Qualitative analysis showed that the patients/caregivers generally found the diary easy to use and helpful for tracking spending, increasing awareness of expenses and improving communication about expenses between the caregiver and other family members. Suggestions for improving the diary included developing a web-based instrument and clarifying some instructions. Some study participants noted the daily time required to complete the diary as a challenge to submitting the diaries in a timely manner.
DISCUSSION
Our study demonstrates the feasibility of collecting patient/ caregiver reported out-of-pocket cost information related to allogeneic HCT using a diary instrument over the first 3 months post transplantation. Our pilot study data also show that some Excludes respondents who did not answer a specific question. b One patient reported that annual income would increase as disability income would be higher than the present household income. c Respondents were allowed to choose multiple answers. d For the five respondents, temporary lodging coverage was $10 000 time period not specified (N ¼ 2), $10 000 per year (N ¼ 1), $200 per month (N ¼ 1) and $110 per day (N ¼ 1). e For the four respondents, coverage for meals was $54 per day (N ¼ 1) and details not provided (N ¼ 3) . f For the four respondents, coverage for transportation was $10 000 time period not specified (N ¼ 1), 16 cents/mile driven (N ¼ 1) and details not provided (N ¼ 2). Table 3 . Representative comments highlighting the patient/caregiver perceptions at baseline of short-term and long-term financial impact of allogeneic hematopoietic cell transplantation (N ¼ 25 respondents)
Question: How do you think the transplant will affect the household financially over the short term (6 months or less)? Low impact (N ¼ 8) Impact should not be too great due to help of fund, family donations, sick/vacation time accrual; however, after funds are used up, there will be very real financial complications Minimal-will use up all savings and dip into retirement for travel, eating, lodging and so on We should be okay because we have very good health insurance High impact (N ¼ 16) It's a burden because I'm taking a cut in pay (on disability) and household expenses remain the same Will not have enough money to pay bills, other family members are using vacation time to help me and using their paychecks to help me I am the sole wage earner for the household, so losing my income will be devastating to the household Very much so, the patient has no sick time, he has long-term disability that will pay 60% of wages after 3 months; spouse works two jobs, will only collect sick pay from one, will take a leave from other Question: How do you think the transplant will affect the household financially over the long term (46 months) Low impact (N ¼ 4) I am somewhat confident that I will be able to pay bills, hopefully get off disability and pay my own way Both household members are very smart about saving money, so we just may have to save a little more in the future High impact (N ¼ 16) It is hard to predict whether or not I will be able to go back to work and when; also, the amount of money that will be paid out in medical expenses; there is also the possibility that I would be readmitted to the hospital because of complications This is uncertain because I don't know if I will be able to return to work and I know my health insurance will terminate at 18 months We may have to file for bankruptcy, which not only hurts us now, but in the future because our credit scores will be affected, making it even harder to meet living expenses Not well, the car will wear out from so many 200-mile one-way trips to (transplant center)-savings will all be gone patients and their families can incur significant out-of-pocket expenses during this time period. Most patients/caregivers have concerns about the short-term and long-term impact of transplantation on household finances and lack confidence that they will be able to meet their financial obligations. These preliminary findings highlight the need for more research on the financial implications of transplantation from a patient's perspective. Patient/caregiver feedback confirmed the feasibility of using our diary instrument for capturing out-of-pocket costs. Patients/ caregivers in general were willing to provide information on income and expenses. However, we observed some challenges in conducting a patient-level study of out-of-pocket costs. To better capture the expenses, we required patients and their caregivers to reside in the same household. During the course of our study, we recognized that the definition of patient 'household' can be dynamic during the transplant process. Because substantial caregiver effort can be required post transplantation, households often get temporarily reorganized (for example, sibling or parent may move in with the patient). Also, individuals outside of the immediate family such as relatives and friends frequently contribute to the caregiving effort and capturing out-of-pocket expenses in such circumstances can be challenging. Caregivers can find it emotionally difficult to complete the daily diary when patients experience serious complications. Finally, considerable effort was involved on the part of the study coordinators in calling study participants during the study. However, this effort did translate into a relatively high compliance rate compared with other investigations of out-of-pocket costs among oncology patients.
Notwithstanding the pilot study design and the small number of patients enrolled, our study highlights several important patient/caregiver financial issues in the early post transplant period that need more comprehensive research. Patient/caregiver factors that may influence out-of-pocket costs need to be identified. We observed that patients/caregivers who had to temporarily relocate to lodgings close to the transplant center incurred substantially higher out-of-pocket expenses compared with those who did not have to move from their primary residence. At the same time, health insurance generally did not cover or provided limited coverage for costs related to temporary lodging, meals and transportation. Identification of total outof-pocket costs and their predictors may be of interest to payors as they consider transplant coverage benefits, as inclusion of coverage for these expenses would significantly alleviate the financial stress that patients/caregivers face through the transplant process.
Our study highlights the variability and the need for more research to understand the financial experiences of patients/ caregivers. Their own social and financial resources and coping skills, as well as the resources provided by the transplant center, can influence the impact transplantation has on the financial health of patient's/caregiver's household. A near universal theme identified pretransplantation was the loss of household income with the potential for increasing household expenses in the setting of uncertainty about the recovery process. As can be expected, there were differences noted in the ability of patients/ caregivers to cope with the financial stress of treatment on the basis of their age, socioeconomic status and existing financial obligations. These findings emphasize the need for transplant centers to routinely incorporate a baseline assessment of patient finances as part of pretransplant evaluation. Although the generalizability of our findings is limited by the small number of participating patients and centers, our study may help centers inform patients about the financial resources required while they plan for the transplantation procedure. Week 3-4 N =20
Week 5-6 N =20
Time since transplantation
Week 7-8 N =20
Week 9-10 N =18
Week Median out-of-pocket costs, Figure 2 . Median out-of-pocket expenses by time post transplantation for patients/caregivers who required and did not require temporary lodging (data shown for 20 patients/caregivers who submitted X4 of the six diaries).
Certain limitations of our study have to be considered. The annual median household income of our study participants was higher than the national median household income in 2010 ($66 500 vs $49 445). Socioeconomic status can be a barrier to get an access to transplantation and our cohort only reflects patients who were referred for HCT. 23 Furthermore, ethnic and racial minorities were under-represented in our study. However, our study did include patients from a wide range of socioeconomic strata. We did not validate expenses, as we felt it would be very burdensome for the patients/caregivers to submit receipts during the medically intense post transplant recovery period. We did not address indirect costs such as lost wages and productivity for patients and for caregivers. We may have underestimated out-ofpocket costs, as we could not account for certain expenses (for example, medical bills that patients received after the study period) and for costs incurred by caregivers who were not members of the patient's household (for example, friends). Also, we may have enrolled fewer sick patients given the commitment required for our study. Finally, our results are specific to the US and may not be generalizable to other countries.
Several unaddressed questions need further research such as the patient/caregiver out-of-pocket costs in the larger context of total costs of transplantation, influence of financial stressors on quality of life and recovery after transplantation, out-of-pocket costs associated with outpatient transplantation and with transplant complications such as chronic GVHD and the longterm financial impact of allogeneic transplantation on patients and their families. Our study lays the foundation for a future larger investigation of patient/caregiver out-of-pocket expenses associated with allogeneic HCT. We also highlight the relatively high patient/caregiver out-of-pocket costs associated with this treatment that may not be well appreciated by patients, caregivers, transplant centers and payors.
